Abstract. In this article we study the N83-84-85 region of the inner wing of the SMC. Direct and low-dispersion objective prism plates taken with the 1.2 m UK Schmidt Telescope have been digitized by the SuperCOSMOS machine. Star counts have been performed for our region in selected luminosity slices in the U filter and isodensity contours have been used to identify the structures with enhanced stellar number density. We find evidence of triggered star formation from massive stars of older to more recent OB associations. Circular arcs constructed by O and B stars have been detected. A study of the population places stars with more recent ages in the groups of the arcs than of their centers. These effects can be explained by supernova explosions. A catalogue of the non-saturated detected OB stars in this region is given.
Introduction
The formation of massive stars is a topic of major interest. Massive stars are often formed in groups, such as OB associations and clusters. Massive stars finish their life by supernova explosions. The interstellar medium (ISM) is continuously stirred by supernova explosions and stellar winds of massive stars. Shock waves from supernova and stellar wind-blown bubbles around O and B type star associations generate turbulences in the ISM. Star formation may trigger further star formation in nearby gas if the density is high enough but also star-forming clouds are destroyed by the same effects and shut off star formation. There remains an open question about the density of the ISM and the violence of the effect. A supernova explosion can produce a shell wall or a dense interstellar cloudlet only if the density is high enough.
In this work we use data from digitized plates, using the direct and objective prism, of the SMC focusing on the inner wing. The same region has been studied by Testor & Lortet (1988) . Our study with automated techniques of the objective prism plates (Bratsolis et al. 1998 (Bratsolis et al. , 2000 Bratsolis 2002) gave OB populations in circular structures. A new study to investigate plates of the same region with slices of different populations and contour detection (Maragoudaki et al. 2001) showed that the outer populations of OB stars are more recent OBs of the centers. This is evidence of star-formation triggered by supernova explosions. Therefore, there is a strong correlation of our study region with the supernova remnants (SNRs) of ROSAT X-ray observations No. 223 RX J0112.7-7207 and No. 245 RX J0119.4-7301 (Kahabka et al. 1999) . These regions were searched for in IRAS and ISO (for lambda 170). The image of the SMC in both cases is of low resolution.
Following the theoretical work of Vishniac (1994) , Elmegreen (1994) and Ehlerová et al. (1997) for isolated supernova explosions we can extract a time scale for the supernova explosions and the density of the ISM before the explosion.
The region N83-84-85 of the SMC
The region N83-84-85 belongs to the inner wing of the SMC and is of interest because of its OB associations and nebulae. It is evident that there is a correlation between associations like NGC 456, 460a, b and 465 with the nebulae of ionized gas. This region has been studied by different authors in the past (Westerlund 1961; Azzopardi & Vigneau 1982; Kontizas et al. 1988; Testor & Lortet 1987; Lortet & Testor 1988; Dapergolas et al. 1991; Caplan et al. 1996) . There are groups of stars with age variations of 4−10 Myr and spatial scales of 30−400 pc. There is also an extended region containing N83-84-85 with a diameter of more than 500 pc and sequential star formation on a scale of 10 7 yr which seems to be part of a supergiant shell (Westerlund 1961; Staveley-Smith et al. 1997; Stanimirović et al. 1999) . We focus on this region because it seems to show a feedback between OB star formation and the physical properties of the ISM. It suggests that star formation and ISM properties probably are self-regulated. The ISM is continuously stirred by supernova explosions and stellar winds. The shock waves engaged by the supernova accelerate galactic cosmic rays that penetrate deeply into molecular clouds and clumps and heat and ionize them. Far ultraviolet photons are produced by massive star formation and photoinize the less dense surface regions of the molecular cloud and its internal clumps. • 05 . The magnitude limit for classification of our plate is m B = 18.5.
Image reduction
The detection (DETSP), extraction (EXTSP) and classification (RCORR) was made by automated methods (Bratsolis et al. 1998 (Bratsolis et al. , 2000 Bratsolis 2002 ).
The extracted spectra are stored in a two-dimensional file n × 128, where n is the number of detected spectra. Each row of this file is an independent normalized spectrum with a length of 128 pixels. The maximum correlation method has been used to automatically classify the spectra and gave 610 clearly classified OB spectra (Fig. 1) .
The same region was also chosen from the direct U plate taken with the UK 1.2 m Schmidt Telescope. The plate was digitized by the SuperCOSMOS machine and the derived data given for the detected images positions and magnitudes. Isodensity contours have been used to identify the various structures with enhanced stellar density. The contour level separation has been defined by the mean value plus 3σ from the local background (Fig. 2) . The detected stellar images were divided in various luminosity slices according to their magnitude. The magnitude limit for the U plate is m U = 19.7, corresponding to the A0 spectral type stars.
The data were separated in four luminosity slices.
The first slice contains main sequence stars with U < 15 and −1.5 < U − V < −0.8, corresponding to ages less than 8 × 10 6 yr and stars more luminous than B2 spectral type.
The second slice contains main sequence stars with 15 < U < 16 and −1.4 < U − V < −0.6, corresponding to ages of 8 × 10 6 −1.2 × 10 7 yr and stars of B2 spectral type.
The third slice contains main sequence stars with 16 < U < 17 and −1.3 < U − V < −0.2, corresponding to ages of 1.2−3 × 10 7 yr and stars of late B2 to early B4 spectral type.
The fourth slice contains main sequence stars with U > 17 and −1.1 < U − V corresponding to ages grater than 3 × 10 7 yr. The scale calibration of the U plate, produced for the SMC distance modulus m − M = 19 and based on theoretical models, is given in Table 1 .
Detected objects in our region (not including the OB stars) are presented by Bica & Schmitt (1995) in Table 2 . The nonsaturated detected OB stars are presented in Table 3 .
The evolution of an expanding shell
Let us accept a simple model of a supernova explosion. The supernova produces a gravitational instability in the ISM and accumulates the gas in an expanding shell. The expanding shell's equations are known as Sedov's equations (Dyson & Williams 1997) , given by
and where R(t) is the radius of the shell and u s (t) the expansion velocity of the shell at the time t relative to the ambient medium with density ρ 0 . E SN is the total supernova explosion energy. After the linear analysis of Elmegreen (1994) and Vishniac (1994) in a uniform medium with gravitation constant G, we have that an expanding shell with surface density Σ and velocity dispersion in the shell c has an instantaneous maximum growth rate ω given by
If ρ and ρ 0 are the densities of the perturbed and unperturbed medium respectively, then they are connected to the dimensionless quantity M by the formula (Efremov & Elmegreen 1998) 
At the time t b , when ω > 0 or
the perturbation grows. We now use the same logic as Ehlerová et al. (1997) for isolated supernova explosions and we obtain the radius
the total mass
and the surface density
From Eqs. (8), (7) and (6) 
From Eqs. (5), (2) and (9) we have
The instability time t b is estimated by the condition
and is
The radius R and the expansion velocity u s of the shell at t b are
and
The estimation of fragmentation time is given by
From Eqs. (3) and (5) we obtain
and from Eqs. (11) and (10)
From Eqs. (15), (17), (16) and (2) we have
where
The numerical solution of (19) gives x f ≈ 2.47. From Eqs. (12) and (20) we have
From Eqs. (21), (6) and (2) we obtain
Two possible supernova explosions
As we observe (Fig. 1) , the OB stars are not uniformly distributed. They present different densities and holes. Here we chose two cases presenting circular arcs and to explain these as star groups formed by a triggered effect, by the supernova explosions. These approximately circular forms suggest that pre-stellar gas was uniformly swept up by a central source of pressure. We chose two circles with different size.
The small circle has a center at RA 2000 = 1 h 16 m and Dec 2000 = −73
• 20 and radius 32.4 pc. On the right part of this circle we find the end of the nebula N84 and on the left part the beginning of the N85.
The large circle has a center at RA 2000 = 1 h 16 m and Dec 2000 = −73
• 11 and radius 58.9 pc. At its center we find the association DEM156 and at its circumference the association DEM155, the nebula N86 and the associations DEM158 and DEM159.
Both circles have a radius less than 100 pc, so we can consider isolated supernova explosions. We suppose now that the radii of circles now are not so different from the radius at the fragmentation time. The small circle has a radius R 1 (t f ) and the large circle a radius R 2 (t f ). We also suppose that the average molecule in a cloud is µ = 1.3, the total energy of a supernova is E SN = 10 51 erg and the velocity dispersion in the shell is c = 1 km s −1 . From Eq. (22) we have
which gives
Equation (25) gives for the small circle a numerical density before the explosion of n 01 = 374 cm −3 and for the large circle n 02 = 93 cm −3 . From our star counts and the derived densities corresponding to the isopleths we have found that in the small circle the number density corresponding to the brightest stars with age about 5 × 10 6 yr is 14 times the background value whereas in the large circle it is 3.2 times. The ratio of the two is about 5 with 30% error. The ratio in the above theoretical densities is 4. This is a very good result considering the errors. The triggering star formation for the two possible supernova explosions has been verified by using the image of stellar densities. Isodensity contour plots present older B populations at the centers of our study regions (Fig. 2) . These populations remain until the slice corresponding to main sequence B stars with ages between 1.2 × 10 7 and 3 × 10 7 yr. That means that the two possible supernova explosions occurred about 3 × 10 7 yr ago.
The diagrams of Fig. 2 are actually isopleths showing all main sequence stars at four levels of magnitude. We indicate at what magnitude level (marked in terms of age, Table 1) 
Conclusions
In this paper we attempt to show by a systematic observational method that it is possible to generate the birth of massive OB stars by triggered effects like supernova explosions. We have chosen the region N83-84-85 of the inner wing of SMC and we detected all the non-saturated OB stars in an objective prism plate of this region. We extracted and classified the stars automatically, using a method developed previously by us. The spatial distribution of the OB stars was found to be non-uniform with holes and high density parts that could be explained as star formation regions caused by supernovae. Two possible cases have been studied. The theoretical approach was the same as Ehlerová et al. (1997) but for isolated explosions.
From the observations we estimated the radius where the new population is born assuming that the supernova explosions occurred at their centers and from the theoretical equations we extracted the numerical densities of the ISM before the explosions. A study of isopleths of the stellar population of this region, from direct plates at various magnitude slices, provides an estimation of the time when the possible explosions took place. Finally the actual catalogue of the detected OB stars is given. 
